Diazoacetonitrile (N 2 CHCN) is as mall reactived iazoalkane. It has been synthesized for the first time already in 1898 by Theodor Curtius,h owever,d id not gain much recognition in organic synthesis until recently.O nly in 2015, after introductiono fi ns itu and flow protocols fort he safe generation of diazoacetonitrile, it started gaining popularity. In this minireview,t he synthetic properties and applications of this valuable reagent are discussed. ChemistryDepartment,T aras Shevchenko National Universityo fK yiv Volodymyrska 64, 01601K yiv (Ukraine)
Introduction
In 1898, the German chemist Theodor Curtius synthesized diazoacetonitrile,N 2 CHCN (1), for the first time. [1] Fifteen years earlier,i n1 883, Curtius prepared ap arentr eagent-ethyl diazoacetate, N 2 CHCO 2 Et (2). [2] Both compounds exhibited similarc hemical properties, for example, both reacted with copper oxide under formation of nitrogen gas. Over time, however,t hese two reagents had dramatically different chemical destinies. Althoughe thyl diazoacetate( 2)i sp robablyo ne of the most used diazo reagents in organic synthesis nowadays, [3] itsc losest analogued iazoacetonitrile (1)r emained mostly in the shadow (Table 1 ). Other acceptor-onlyd iazoalkanes, for example, trifluorodiazoethane (1943, Gilman and Jones), [4] dimethyl diazo phosphonate (1969, Seyferth) , [5] pentafluoroethyld iazomethane( 2014, Mykhailiuk), [6] or difluorodiazoethane (2015, Mykhailiuk) [7] are important reagents and find regular applications in organic synthesis. The main limitation of diazoacetonitrile (1)l ies within the high nitrogen content (63 %) of this reagent that resultsi nh igh risks.C urtius already described the explosion propensity of the neat diazoacetonitrile (1)r eagent in his seminal report, which precluded applicationso ft his useful reagent. Only in 2015, the authors of this review developed in situ [8] and flow procedures [9] for the safe generation of diazoacetonitrile (1) , whichi mmediatelyl ed to ab ig interest by many academic groups.I nf act, more than at hirdo fa ll publications and half of all reactions of diazoacetonitrile (1)a ppeared in the literature over course of the past four years ( Table 1) .
Diazoacetonitrile is ap articularly useful reagent to introduce nitrile groups into small molecules;r eductiong ives ar apid access to the corresponding amines.B oth functional groups are important in many bioactive compounds and more than 50 FDA-approved drugs contain anitrile group (Figure 1 ). [10] Diazoacetonitrile could thus serve as av aluabler eagent for the rapid synthesis of nitrile-containing molecules and streamline currently available synthesis methods.
In this review,w ew ill consider the preparation,c hemical properties, and applications of diazoacetonitrile (1) i no rganic synthesis. We will also outline the undeveloped areas in which this reagent might be useful.
Preparation
The first synthesis of diazoacetonitrile (1)w as describedb y Curtius in 1898b yr eactinga mino acetonitrile hydrochloride with sodium nitrite. Thereactionwas slow,and addition of cat- [a] Dr.P .K.Mykhailiuk Enamine Ltd.,Chervonotkatska7 8, 02094 Kyiv (Ukraine), and alytic amounts of sulfuric acid was needed. After distillation, the compound was obtained in 10-16% yield as an "orangeyellow easily movingl iquid." It also exhibited ac haracteristic reactiono fd iazo compounds:r eaction with coppero xide resulted in the evolution of nitrogen gas. [1] In 1956, Dewar and Pettit optimized as ynthesis of 1 by ar epetitivee xtraction-addition procedure, yet after distillation of the neatreagent, the authors reported an explosion. Therefore, in subsequent reactions the authors used as olution of diazoacetonitrile in diethyl ether dried over sodium sulfate. The yield of 1 was estimated to be 60-70 %, as measured by the volume of nitrogen liberated after an addition of an acid. [11] At the same time, Harper and Sleep; [12] as well as Phillips and Champion [13] independently reported on similar explosions of pure diazoacetonitrile (Scheme1).
Althought he protocol of Dewar and Pettit for preparinga solution of diazoacetonitrile in diethyl ether was subsequently used by many other groups, the risks of associated with 1 prevented its wide application in organic synthesis for many years. However,i n2 015, Mykhailiuk developed ao ne-pot three-component synthesis of pyrazoles from alkynes, sodium nitrite, and amino acetonitrile hydrochloride. [8] The reaction proceeded through in situ formationo fd iazoacetonitrile (1)i n ac hloroform/water mixture. In 2018, Koenigs developed an iron-catalyzed alkylationo fN ÀHa nd SÀHb onds using in flow generation of diazoacetonitrile (1). [9] These two protocols for safe preparation of 1 opened up an ew chapter in the chemistry of diazoacetonitrile (Scheme 1).
Chemical Properties
Diazoacetonitrile belongs to the family of "stabilized diazo compounds" that have ar educed reactivity compared with diazomethane or donor diazoalkanes. This stabilization arises primarily from ac onjugation of the nitrile group andt he diazo moiety( Scheme 3, structure D). The steric bulk of the nitrile group andi ts (ÀI)-inductive effect provide an additional stabilization of am olecule. Diazoacetonitrile can be depictedb ys everal resonance structures that help to rationalize its chemical reactivity (Scheme 2): a) [3+ +2]-cycloaddition reactions (form B); b) C-nucleophile (form C); c) N-electrophile (form C). These three types of reactivity will be considered in details in the same order.A dditionally,r eactions of the cyano-substituted carbene and [M]-carbenoid will also be covered.
Regardless of areduced chemical activity of diazoacetonitrile
(1), one should always keep in mind that because of high context of nitrogen atoms in am olecule (63 mass-%), the individu- al compound is explosive. It should only be used as ad ilute solution or generated in situ.
[3+ +2]-Cycloaddition Reactions

Reaction with alkynes
The first cycloadditiono fd iazoacetonitrile was reported in 1962 by Weis. [14] Following am odified protocol of Dewar and Pettit, [11] he prepared ad ry solution of 1 in dichloromethane and reacted it with alkyne 3 at room temperature (Scheme 3). The cyano-substituted pyrazole 4 was obtained in 72-90% yield on 45 gs cale!U nexpectedly,t he reactiono fd icyanoacetylene (5)w ith diazoacetonitrile under the identical reaction conditions led to aformationofacomplexm ixture.
Fifty years later,i n2 015, the synthesis of cyano-substituted pyrazoles was optimized by Mykhailiuk using in situ generated diazoacetonitrile. [8] From ap ractical standpoint, the reaction was very easy to set up:amixture of amino acetonitrile hydrochloride, NaNO 2 ,a nd the corresponding alkyne wash eated in ac hloroform/water mixture for1 2-72 h. The formed cyanopyrazoles were obtained in 37-73 %y ield (Scheme 4, 4, 6-10). The products,however,were unstable during column chromatography on silica gel, andt herefore were purified by sublimation under ah igh vacuum. Nevertheless, this protocol allowed for the synthesis of pyrazole 6 on 1g scale. The limitation of this reactionl ies within the nature of diazoacetonitrile itself that reacts in Type Id ipolar cycloaddition reactions with electrondeficient alkynes; non-activated or electron-rich alkynes did not react under the stated reaction conditions.
Reactionw ith alkenes
The first example of the reactiono fd iazoacetonitrile (1)w ith alkenesg oes back to 1978, when Roelants and Bruylants reacted ad ry solution of 1 in dichloromethane with maleimide 11. After sixdays at room temperature in the dark, the cyanopyrazoline 12 was isolated in 65 %yield (Scheme 5). [15] Later,this reaction was performed by Mykhailiuk with in situ generated diazoacetonitrile. After heatingt he reactionm ixture at 60 8Cf or 12 h, the product 12 was obtaineda sawhite solidi n6 7% yield. [8] In 2010, Oshima and co-workersi nvestigated the reaction of diazoacetonitrile (1)w ith C 60 fullerene( 13)a t8 0 8Ci no-dichlorobenzene (Scheme6). [16] After purification of the reaction mixture by HPLC, the authors isolatedc yano-substituted fulleroid 14 in 6% yield. According to relatedm echanistic studies, [17] the first step involves the formation of pyrazoline 15 through [3+ +2]-cycloaddition of C 60 and diazoacetonitrile. At elevated temperature, 15 decomposedi mmediatelyw ith evolution of nitrogen to produce the biradical 15 that gave finally fulleroid 14 together with an isomeric cyanocyclopropane. [16] Recently,M aa nd co-workers elaborated as ynthesis of cyano-substitutedp yrazoles from electron-poorn itroolefins and diazoacetonitrile (1) . The reaction presumably proceeded through ar egioselective[ 3 + +2]-cycloaddition of nitroolefins with diazoacetonitrilet of orm an intermediate pyrazoline 23 (Scheme 7). [18] Underb asic conditions, compound 23 undergoes elimination of nitric acid to provide the target 3,4-disubstituted pyrazoles, whereas the formation of 3,5-disubstituted isomersw as not observed. Thism ethods howed ab road substrate scope, aromatic,h eteroaromatic, and aliphatic nitroolefins were efficiently used. Importantly,t he authors also per-Scheme3.Synthesis of CN-pyrazole 4 by Weis.
Scheme4.Synthesis of CN-pyrazoles through [3+ +2]-cycloaddition of electron-deficient alkynes and in situ generated diazoacetonitrile (1).
Scheme5.Synthesis of CN-pyrazoline 12.
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Furthermore,t he same authors developed at hree-component reactionb etweenn itroolefins,d iazoacetonitrile (1), and methyl iodide. The reaction had the same mechanistic profile, with the only difference that the initially formed NH-pyrazoles were subsequently N-alkylated. The reactionp roduced two regioisomerst hat weres eparated by column chromatography (Scheme 8, 24-29). [18b] In 2019, Lan, Yang, and co-workers reportedo nasilvermediated reaction of diversed iazo compounds and formyl chromones (31)( Scheme 9). [19] Within this report, they de-scribed the synthesis of six cyano-substituted pyrazoles 32 from in situ generated diazoacetonitrile (1) . Given that stochiometric amounts of silver oxide are required in this reaction, the authorss uggested that intermediate E was initially formed by reactiono fd iazoacetonitrile (1)w ith silver oxide. This intermediate E underwent [3+ +2]-cycloaddition with formylchromones 31 to give aldehyde F.Addition of base to the aldehyde group (G), followed by an elimination of formic acid (H)a nd subsequentprotonation afforded the final pyrazoles 32.
Reaction with Imines
In 1978, Roelants and Bruylants reported on the reaction of diazoacetonitrile (1)w ith aromatic imines. [15] The reaction outcome strongly dependedo nt he electronic properties of the startingi mines and the reactiont ime. Although electron-rich imines 33, 34 reacted at room temperature within 3-7 h; imines 35, 36 reactedw ithin 10-18days (Scheme 10). Reaction of non-activated aromatic imine 37 took 25 days, whereas electron-deficient imine 38 did not react at all. Three types of products were obtained:t riazolines (a), aziridines (b), and enamines (c). The product distribution strongly depended on the electronic properties of the starting imine and the reaction time. The authors suggested that a[ 3 + +2]-cycloaddition between imines and diazoacetonitrile (1)o ccurred first, leading to triazolines (a). Mechanistically,t his might be aT ype III concerted [3+ +2]-cycloadditions, for which electron-donating substituents at the dipolarophile acceleratet he reaction. Alternatively,t his reaction might proceed through as tepwise mechanism, with the nucleophilic imine attack at the diazo moiety first, followed by ring closure. Over time, triazolines (a)d ecomposed with the evolution of nitrogen into triazolines (b). The rate of this step strongly depends on the electronic properties of the imine.A nalogously,t riazoles (a)g ave diazo intermediate I that underwent an aryl group migration and evolution of nitrogeni nto enamines (c).
Reactions as aC-Nucleophile
In 1968, Hooz and Linke described an alkylation of diazoacetonitrile (1)w ith organoboranes to form substituted acetonitriles 39-44 (Scheme 11). [20] The transformation worked forb oth aliphatica nd aromatic organoboranes. In at ypical protocol, the reaction was performed in THF at room temperature, including gram-scale applications.F rom the mechanistic point of view,a t first intermediate J was formed by an ucleophilica ttack of 1 at the boron atom (Scheme 11). 1,2-Alkyl (aryl) shift and elimination of nitrogen gave organoborons pecies K that provided the final nitrile products upon hydrolysis.
In 1976, Mock and Hartman studied ah omologationo fk etones with diazo compounds catalyzed by triethyloxonium ion. [21] Most reactions were performed with ethyl diazoacetate (2), but one reaction was also realized with diazoacetonitrile (1). In particular, cyclohexanoner eacted with ad ry solution of 1 in dichloromethane at 0 8Ci nt he presenceo fE t 3 O + + BF 4 À to afford 2-cyanocycloheptanone (45)i n5 8% yield (Scheme 12). It is worth mentioning that an excess of Et 3 O + + BF 4 À (1.7 equiv) was required in the reaction. Mechanistically,E t 3 O + + BF 4 À activated the carbonyl group of cyclohexanonea saLewis acid. Nucleophilic attack of the C-atom of 1 at the carbonyl group led to intermediate L.A1,2-alkyl shift accompanied by the evolution of nitrogen gave the targetp roduct 45.
Almost 40 years later,X ue laborated at ransformation of aromatic aldehydes into b-ketonitriles with diazoacetonitrile (1). [22] After screening of Lewisa cids, the authors identified BF 3 ·Et 2 O (20-60 mol-%) as the most efficient catalyst. The reaction efficiently worked for non-activated (Scheme 13, 46)e lectron-rich (47), ande lectron-deficient aromatic aldehydes (48), furane (49), and thiophene( 50), but was unfortunately not compatible with aliphatic aldehydes.T he authors also performed the synthesis of ketone 46 in 1gscale.
The reactionm echanism is similart ot he previoust ransformation:f irst, BF 3 ·Et 2 Oa ctivates the carbonyl group of aldehydes as aL ewis acid.N ext, an ucleophilic attack of diazoacetonitrile (1)a tt he carbonylg roup takes place forming an intermediate M.1 ,2-Hydrides hift followed by elimination of nitrogen completes the formation of the b-ketonitriles (Scheme 13).
In 1969, Schoellkopf treated ad ry solution of diazoacetonitrile (1)w ith N 2 O 5 to obtain nitro-diazoacetonitrile( 52)a s yellow crystalsi n3 2% yield (Scheme 14). [23] The individual compound was explosive, but its dilute solution in dichloromethane was stable and wasl ater used by Dailey in cyclopropanation reactions of alkenes. [24] In 2002, Bakulevp erformedt he acylationo fd iazoacetonitrile (1)w ith both aliphatic and aromatic acyl chlorides. The reaction smoothly proceeded at 0 8Ci nd ichloromethane in the presence of triethylamine as ab ase. The corresponding diazoketones 53-58 werei solated from reactionm ixtures by columnc hromatography as yellow oils in 38-75 %y ield (Scheme 15). [25] All reactions were performed on ag ram scale.
Reactions as N-electrophile
Althoughr eactions of diazo compounds as N-electrophiles are well-documented in the literature, [26] to the best of our knowledge, only two reactions of this type are known for diazoacetonitrile (1). In particular,i n1 997, Harada developed ag ramscale synthesis of compound 59-an important intermediate for the preparation of agrochemicals-from diazoacetonitrile (1,S cheme 16). [27] First, the authors studied the thermals tability of 1 and concludedt hat only its diluted solutions, less than 30 %, should be used especially on al arge scale. Next, the authors treated ad iluted dry solution of 1 in dichloromethane with hydrogen sulfide in the presence of catalytic amounts of triethylaminea tÀ10 8Ct of ormawhite solid. The precipitate was filtered off and recrystallizedf rom water to obtain the product 59 in 73 %y ield. Importantly,t he filtratew as treated with aqueous acid solution to decompose residual amountso f diazoacetonitrile. This protocol allowed forthe safe preparation of thiadiazole 59 in a6gs cale. Mechanistically,anucleophilic attack of the sulfur atom at the diazo moiety of 1 occurredu nder basic conditions to give intermediate N.S ubsequenti ntramolecular cyclization at the nitrile group of N gave the targeted product 59 (Scheme 16).
In 2016, Ma studied the reaction of diazo compounds with P III -reagents. In this report, the authors investigated the reaction of diazoacetonitrile (1)w ith tributylphosphinea tr oom temperature to obtain cyano-substituted phosphazene 61. [28] Mechanistically,anucleophilic attack of the lone pair of the phosphorus atom at the diazo moiety occurred. The authors subsequently treated compound 61 with allene 62 to obtain hydrazone 63 throughaWittig reaction. Acidic hydrolysis of C=Pb ondf inalized the synthesis of ketone 64.I mportantly,t he authors subsequently performed this three-step synthesis of ketone 64 in ao ne-pot manner starting from diazoacetonitrile (1)w ithouti solation of intermediates 61 and 63 (Scheme 17).
Carbene reactivity
Diazoacetonitrile (1)e liminates nitrogen upon photochemical irradiation and gives NCCHD carbene. [29] Alternatively,t reating 1 with catalytic amount of transition-metal salts-Cu, Rh, Ru, Fe-gives metal carbenoids NCCH=[M].B oth species can undergo cyclopropanation reactions with alkenes and carbene-insertion reactions. These will be considered in the followingi n more details.
Cyclopropanation reactions
In their seminal report, Dewar and Pettit synthesized cyanonorcaradiene (65)b yi rradiation of as olution of diazoacetonitrile (1)i na ne xcess of benzene with ab road-wavelengthm ercury lamp (Scheme 18). [11] Ther eactionp roceeded through photochemicald ecomposition of 1 into cyanocarbene that reacted next with benzene. Product 65 was isolated from the reaction mixture by distillation on a3 2g scale (27 %y ield) as ap aleyellow oil. It is worth mentioning that the analogousr eaction of ethyl diazoacetate (2)p roceeded with much lower yield. Cyclopropane 65 was stable at room temperature, however, treatment with BF 3 ·Et 2 Ou nder reflux conditions gave the aromatic tropylium tetrafluoroborate (66).
The first reporto nmetal-catalyzed cyclopropanation of alkenes with diazoacetonitrile dates back to 1955, when Harper and Sleep treated diene 67 with 1 in the presence of copper bronze in dichloromethane. [12] After distillation, cyclopropane 68 was isolated as am ixture of trans/cis isomers (73/27) in 43 %y ield. The synthesis was performedo na8gs cale. Interestingly, the subsequent hydrolysis of nitrile 68 with potassium hydroxide in refluxingg lycol led to an epimerization of the stereocenter and trans-chrysantemica cid (69)w as obtained in 83 %y ield as the only product (Scheme 19). Later,W itiak and Lu reported on copper-catalyzed cyclopropanation reaction of alkene 70 with diazoacetonitrile (1). [30] The reactionp roduced a complex mixture, from which, after ad istillation and two subsequent chromatographic purification steps,c yclopropane 71 was obtained as am ixture of cis-a nd trans-i somers. Reduction of nitrile 71 with LiAlH 4 provided cyclopropylmethylamine 72 (Scheme 19). Finally,i n1 978, McCullough and Lu performed copper-catalyzed cyclopropanation of cyclopentene 73 with diazoacetonitrile (1). The desired product 74 was obtained in 12 %y ield as an inseparable mixtureo fcis and trans-isomers (Scheme 19). [31] In 1982, Doyle and van Leusen reported on the first Rh-catalyzed cyclopropanation of an alkene. Addition of ad ry solution of diazoacetonitrile (1)i nd ichloromethane to af ivefold excess of styrene 75 in the presence of Rh 2 (OAc) 4 (2 mol %) as catalyst over 30 min afforded cyclopropane 76 in 89 %y ield after distillation (Scheme 20). [32] Three years later,D owd and co-workers mentioned aR h-catalyzedc yclopropanationo fa lkene 77 a Scheme17. Synthesis of phosphazene 61 from diazoacetonitrile (1).
Scheme18. Synthesis of cyanonorcaradiene (65)a nd its conversion into tropylium fluoroborate (66).
Scheme19. Cu-catalyzed cyclopropanation of alkenes withd iazoacetonitrile (1).
Chem. Eur.J.2020, 26,89-101 www.chemeurj.org 2020 The Authors. Published by Wiley-VCH Verlag GmbH &Co. KGaA, Weinheim with diazoacetonitrile( 1)i n6 4% yield (78 a). Nitrile 78 a was then reduced into amine 79,h owever,n od etailed experimental procedures were provided for both transformations (Scheme 20). [33] Similarly,M oss and Krogh-Jespersen reported on aR h 2 (OAc) 4 -catalyzed cyanocyclopropanation, but again, no experimentald etailsw ere provided. [34] Finally,i n2 001, Doris and Mioskowski described the cyclopropanation of alkenes 77 a-d with diazoacetonitrile (1)u sing Rh 2 (OAc) 4 as ac atalyst. The corresponding products 78 a-d were obtained in 55-78 % yield. More importantly,t he authors also performed the first asymmetricc yclopropanation.W hen substrate 77 c was treated with diazoacetonitrile in the presence of catalytic amount of Rh 2 (5S-MEPY) 4 ,p roduct 78 c was obtained predominantly as a cis-isomer in an enantiomeric excess (ee)o f6 6% (Scheme20). [35] In general,R h-catalyzed cyclopropanations providedapractical route to cyanocyclopropanes in yields much higher than those reported for Cu-catalyzed reactions (Scheme 19). Also, it openedu padoor to the optically active cyanocyclopropanes.
The only report on Ru-catalyzedc yclopropanation of alkenes with diazoacetonitrile (1)o riginates from Simonneaux'l ab. In 2005, the authorst reated three styrene derivatives with 1 in the presence of ac hiral ruthenium porphyrin complex 79 to obtain cyanocyclopropanes 80-82 as an approximate 2:1-mixture of trans/cis isomers in up to 70 % ee (Scheme 21). The enantioselectivity was even higher( up to 90 % ee)w hen using ethyl diazoacetate (2). [36] In 2017, Koenigs developedapowerful approach to cyanocyclopropanes from styrenes and in situ generated diazoacetonitrile (1)c atalyzed by iron(III)-tetraphenylporphyrin complex, Fe(TPP)Cl (Scheme 22). [37] To minimize the formation of side products,t he authors employed as low-release protocol for the in situ generation of 1.I np articular,a na ddition of as olution of sodiumn itritei nw ater to as tirred suspension of sty-Scheme20. Rh-catalyzed cyclopropanation of alkenes with diazoacetonitrile (1).
Scheme21. Ru-catalyzed asymmetric cyclopropanation of styrenes with diazoacetonitrile (1).
Scheme22. Fe-catalyzedc yclopropanation of styrenes with diazoacetonitrile (1). rene, amino acetonitrileh ydrochloride, and Fe(TPP)Cl (1 mol-%) over 10 hr esulted in the formation of cyanocyclopropane 80 in 81 %y ield. The scope of the reactionw as also impressive because 30 diverselys ubstituted cyclopropanes were synthesized (Scheme 22, 80, 83-87). In addition, one cyclopropene was also synthesized using Rh 2 esp 2 (bis[rhodium(a,a,a',a'-tetramethyl-1,3-benzenedipropionic acid)]) as catalyst. The protocol was also scalablea nd the authors were able to perform the synthesis of cyclopropane 80 in 1.2 gs cale with catalystl oadings as low as 0.03 mol %. In ar epresentative application,n itrile 80 was next reduced into amine 89 (Scheme 22). Given all the benefits described above, the "slow-release" protocolf or cyclopropanation of styrenes with in situ generated 1 has indeed ah ighp otential for large-scale industrial applications.
In 2018, Chandgude and Fasan developed an enantioselective cyclopropanation of alkenes with in situ generated diazoacetonitrile (1)i nt he presence of myoglobin enzyme Mb(H64V,V68A), [38] which was previously applied in the same transformationw ith ethyl diazoacetate( 2). The reaction generally worked wellf or styrenes and tolerated the substitution at the phenylr ing (Scheme 23, 80, 90, 91). The corresponding aryl cyclopropanes were obtained with excellent diastereoselectivity (> 99 %) and enantioselectivity (> 99 %). The reaction with disubstituted alkenes, however,h ad an arrower scope. For example, althoughp roduct 85 was obtained in 73 %y ield, compound 92 was formed in less than 2% yield. Several electron-rich olefins, other than styrenes, were also used, but the reactionwas less efficient (Scheme 23, 93).
The cyclopropanation was performed on 10 mmol scale, but was also scaled up to 30 mmol for successful examples. For example,8 6mgo fp roduct 90 were isolated. The typical reactions of nitrile 90 were also performed (reductioni nto aldehyde, reduction into amine, hydrolysis into acid, etc.).
Carbenereactivity.
In 2007, Galliford and Scheidt developed at hree-component synthesis of pyrroles from aromatic imines, diazoacetonitrile (1) , and di(m)ethyl acetylenedicarboxylate catalyzed by Rh 2 (OAc) 4 (Scheme 24). [39] Mechanistically,d iazoacetonitrile first reactedw ith an imine in the presence Rh II to form azomethine ylide O,t hat participated in [3+ +2]-cycloaddition with dimethyl acetylenedicarboxylate into intermediate P.T he later immediatelyu nderwent an aromatization with eliminationo fh ydrogen cyanide to give the target pyrroles. Eight pyrroles were obtained;h owever,t he reactionwas strongly limited to aromatic imines and di(m)ethyl acetylenedicarboxylate. Other activated acetylenes, such as methyl propiolate, yieldedn op roduct;a liphatic imines did not react either. [39] In 2017, the Koenigs group reported on furthera pplications of the previously described slow-release protocol in iron-catalyzed rearrangement reactions. They described the carbenetransfer reaction of 1 with Fe(TPP)Cl in the presence of allylic and propargylic sulfides, which undergo aD oyle-Kirmse rearrangementreaction. [40] The desired reactionproducts of this rearrangement reactiona re homoallylic or allenylt hiols, which were isolated in high yields (Scheme25, 94-97). Mechanistically,d iazoacetonitrile is formed upon addition of sodium nitrite to the reaction solution and 1 is directly consumed by the iron catalystu nder formation of an iron-carbene complex. Allylsulfide reacts with this complex under formation of as ulfur ylide, which subsequently rearranges under formation of the desired reaction product.
Recently,t he Koenigs group followed up on this transformation and reported on dealkylativer earrangement reactions of benzylic sulfides( Scheme25). Under the slow-release conditions, benzylic sulfides did not undergo the expected Stevens or Sommelet-Hauser rearrangements,b ut ar ather unexpected intercepted rearrangementr eactiona nd formal dealkylation reaction occurred (Scheme 25, 98-99). Mechanistically,t his reaction was hypothesized to proceed through the formation of a sulfur ylide Q that, upon protonation,f orms as ulfoniums alt R. The latter can then undergo an ucleophilic-substitution reaction with chloride ions that are present in the reaction mixture (from the startinga mino acetonitrile hydrochloride). [41] Continuous-flow chemistry is an important tool to safely prepare highly reactive or explosive reagents like diazoalkanes. [42] In this context, the Koenigs group exploredt he flow synthesis of diazoacetonitrile and its application in XÀHf unctionalization reactions. Amino acetonitriles are readily prepared by NÀH functionalization and are aprivileged motif in warheads of protease inhibitors. [43, 44] For this purpose, af low-batchp rotocol was used that allowed for the spatials eparation of the synthesis of diazoacetonitrile andt he downstream XÀHf unctionalization and thus preventu ndesired side reactions of the reagents, such as secondary amines with sodium nitrite. Following this procedure, a range of different a-aminoa cetonitrile and a-sulfanyl acetonitrile derivatives were synthesized in high yields (Scheme 26). [4] The direct CÀHf unctionalization of indole heterocycles with diazoacetonitrile providesahighly efficient access to privileged tryptamines that are found in neurotransmitters andi na nti-cancer drugs and that are important reagents in the total synthesis of alkaloids. Bearing this background in mind, the Koenigs group studied the CÀHf unctionalization of indole with diazoacetonitrile using the previously described flow-batch protocol. This approach provedh ighly versatile and both protected and unprotectedi ndole heterocycles reactedt ot he desired tryptamine precursors in excellent yield, using Fe(TPP)Cl as catalyst (Scheme 26). Notably,n or eaction was observed when blockingt he 3-position of the indole heterocycle or when using electron-withdrawing protecting groupsa tt he indole nitrogen.C ontrole xperiments indicatet he participationo fr adicals in this reaction. [45] Miscellaneous.
In 2018, Yu and co-workerss tudied af ormal [4+ +1]-cycloaddition reactionb etween diazo compounds and enaminothiones. [46] Diazo compounds were generated mostlyi no nepot fashion from the corresponding tosylhydrazones and tBuOLi under Bamford-Stevens conditions.
In this report, the authors also studied individual diazo compounds, for example the reaction of ad ry solution of diazoacetonitrile (1)w ith 111 in dioxane at 110 8Cl ed to formation of cyanothiophene 112 in 91 %y ield (Scheme27). The authors Scheme25. Slow-release protocolfor Doyle-Kirmse and dealkylative rearrangement reactions.
Scheme26. Flow-batch protocolsfor XÀHi nsertion and CÀHf unctionalization reactionsw ith diazoacetonitrile (1).
suggested am echanism in which the sulfur atom of 111 attacked the central carbon atom of 1 to form intermediate S.I t is important to mention that this elementary step represents a categorically novel type of reactivity of diazoacetonitrile:a sa C-electrophile. The loss of nitrogen in S leads to another intermediate T.I ntramolecular ring closure of R gives dehydrothiophene U that rapidly eliminates CH 3 SH to afford the aromatic thiophene 112.I ts hould also be noted that an alternative mechanism for the formation of intermediate T could also be possible:u nder high temperature, diazoacetonitrile (1)m ight slowly decompose into cyanocarbene (NCÀCHD)w hich could furtherr eactw ith compound 111 to give the key intermediate T.
Summary
Although diazoacetonitrile was discoveredo ver 120 years ago, applicationso ft his particularly useful diazoalkane remained scarce. In contrast to itsc lose analoguee thyl diazoacetate, diazoacetonitrile found only little interest in synthetic chemistry, which might be in part related to the highr isks associated with diazoacetonitrile. However, over the past 4years, important progress for the safe access of this diazoalkane has been made and severalr ecent reports showcase its potential. Prominently,t wo protocols, i) the in situ generation and ii)the flow synthesis of diazoacetonitrile, mark importanta dvances and now open up chemical applicationso fd iazoacetonitrile.
